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Description 

Background of the Invention 

This invention relates to a method and an appa- 
ratus in which permanent magnets are employed to 
mark hidden objects so that the objects may be locat- 
ed, traced, and identified. The invention has particu- 
lar application to buried fiber optic cables and to other 
buried non-conductive objects, such as ducts, con- 
duits, or pipes used by utilities. The invention will be 
described, for purposes of illustration only, as applied 
to ducts for fiber optic cables. 

Many of the fiber optic cables currently being 
placed in the ground are totally non-conductive. Even 
the strength member is non-metallic. Conductors that 
might be used for tracing a buried cable are omitted 
to prevent lightning from following the conductors and 
damaging the cable. The absence of conductors cre- 
ates problems when it becomes necessary to locate 
a buried cable, because cable tracers require a con- 
ductor that carries a tracing signal. 

It has previously been proposed to associate per- 
manent magnets with a fiber optic cable, as by pro- 
viding the magnets on a tracer tape buried separately 
along with the cable, in order to assist in locating and 
tracing the cable. However, this approach has several 
disadvantages, including the possibility that the trac- 
er tape will be installed improperly and thus not de- 
tected, the limited distance at which the tape can be 
detected, and the inability reliably to distinguish the 
weak magnetic field of the magnets from magnetic 
fields associated with ferrous pipes, for example, that 
may be buried in the same area. 

JP 60-82881, on which the preambles of claims 
1 and 21 are based, discloses an underground piping, 
which is made from ferrite-blended synthetic resin 
and magnetized by a magnetizer. The location of the 
piping can be detected by detecting the magnetic field 
from the magnetized piping. 

This prior-art method cannot be used for identi- 
fying different buried objects. 

EP-A-0 011 536 discloses a warning device, com- 
prised of a plastic grid, which is to be placed above a 
buried elongate object. To make it possible to detect 
the object, a magnetic powder is incorporated into the 
plastic. The powder is magnetized to provide a uni- 
form and constant magnetic field over the total length 
of the grid. 

According to EP-A-0 011 536, the intensity of the 
magnetic field can be varied within certain limits by 
varying the proportion of magnetic material included 
in the plastic. However, the magnetic field is still uni- 
form and constant for a specific object, and the inten- 
sity only varies between different objects. Since the 
intensity of the magnetic field diminishes with the dis- 
tance and since thus two objects buried on different 
depths and including different proportions of magnet- 



ic materials may produce the same magnetic field in- 
tensity at ground level this technique can only be used 
for identification purposes in those cases where the 
depths to the different objects are known. 

5 Other examples of methods and apparatus for 

detecting buried elongate objects are disclosed in 
US-A-3 568 626, US-A-2 854 840, US-Re. 30 393, 
JP-A-1-54 280 and DE-A-3 106 661. None of these 
methods and apparatus makes the identification of 

10 different buried objects possible. 

Brief Description of the Invention 

The present invention provides a new method 
15 and a new apparatus for marking, locating, tracing, 
and identifying hidden objects, such as buried, non- 
conductive cables (e.g., fiber optic cables) and non- 
conductive pipes, tubes, ducts and conduits. The 
method and the apparatus have the features recited 
20 in claim 1 and 21, respectively. 

In accordance with one of the broader aspects of 
the invention, an elongated permanent magnet de- 
vice is provided on an elongated hidden object to be 
detected, with the length of the device extending 
25 along the length of the object The device is formed 
of a magnetic material dispersed in said object. The 
magnetic material is magnetized transversely of said 
object to provide a magnetic axis transverse to the 
length of the object and to provide a magnetic field 
30 that varies in a predetermined manner along the 
length of the object. The hidden object is detected by 
detecting the variations of the magnetic field, the 
strength of which may diminish substantially as the 
square of the distance from the device along a direc- 
35 tion transverse to the length of the object The elon- 
gated permanent magnet device may comprise a strip 
having a width dimension substantially greater than 
its thickness dimension, the strip being magnetized in 
the direction of its width. The strip may be formed into 
40 a helix. With such a device, the orientation of the mag- 
netic axis varies at different positions along the length 
of the object to provide a magnetic field signature for 
identifying the object 

Furthermore, the device may produce a magnetic 
45 field having a predetermined magnetic field signature 
including a series of peaks and valleys at points along 
a line substantially parallel to the length of the object; 
The magnetic field detector may be moved along the 
line and then produces an output from the detector 
50 corresponding to the peaks and valleys. 

Brief Description of the Drawings 

The invention will be further described in con- 
55 junction with the accompanying drawings, which illus- 
trate preferred (best mode) embodiments of the in- 
vention, and wherein: 

Fig. 1 is a diagrammatic perspective view illus- 
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trating an underlying principle of a first embodi- 
ment of the invention; 

Fig. 2 is a diagrammatic perspective view illus- 
trating one application of the invention, namely 
locating and tracing a fiber optic cable; 
Figs. 3A and 3B are fragmentary diagrammatic 
perspective views illustrating structural varia- 
tions of the first embodiment, while Figs. 3C and 
3D are corresponding end views, respectively; 
Fig. 4 is a diagram illustrating a magnetic field 
signature produced in accordance with the first 
embodiment of the invention; 
Figs. 5-9 are fragmentary diagrammatic perspec- 
tive views illustrating further structural variations 
of the first embodiment. 

Detailed Description of Preferred Embodiments 

Before the invention is described in detail, certain 
aspects of permanent magnets will be considered. 

An ordinary bar magnet has a magnetic field that 
is a maximum near its poles. If the magnet is oriented 
with its longitudinal axis (magnetic axis) vertical, for 
example, a magnetic field vector measuring device 
will produce a response if the sensory axis of the de- 
vice is oriented vertically over the magnet. If the mag- 
net is then turned 90°, so that its longitudinal axis is 
horizontal, the response will drop substantially to zero 
as the magnetic vector becomes perpendicular to the 
sensory axis of the measuring device. If the magnet 
is turned 90° again, so that it is inverted from its initial 
position, the measuring device will produce a re- 
sponse of opposite polarity from the initial response. 
Turning the magnet further by 90° produces a zero re- 
sponse again. Finally, turning the magnet 90° again 
places the magnet in its initial position and produces 
the initial response of the measuring device. 

It is known that for a given pole strength, the lon- 
ger the magnet, the stronger the field that will be de- 
tected by the measuring device, and as noted earlier, 
it is known that the maximum field lies off of the end 
of the magnet However, except as explained herein- 
after, the detected magnetic field strength of a bar 
magnet is a function of the inverse cube of the dis- 
tance from the magnet, that is, it diminishes with the 
cube of the distance from the magnet, so that dou- 
bling the distance causes an eight-fold loss of field. 
See Ferromagnetism by Bozorth, Van Nostrand Com- 
pany, Chapter 19, p. 838. Therefore, even if the sen- 
sory axis of the measuring device is aligned with the 
length of the-magnet, and even if the length of the 
magnet is made as long as possible within practical 
constraints, the distance at which the magnet can be 
reliably detected by a practical magnetic field meas- 
uring device is quite limited. 

In accordance with one aspect of a first embodi- 
ment of the present invention, a hidden object to be 
detected has associated therewith a permanent mag- 



net identifier device having a magnetic field that di- 
minishes as the square of the distance from the de- 
vice, rather than as the cube of the distance, as is 
usually the case. To maximize the detection range, 

5 the identifier device may be constructed and dis- 
posed so as to provide a substantial vertical compo- 
nent of magnetic field for detection by a magnetic 
field detector that produces a strong response to that 
component The identifier device is preferably an 

10 elongated strip that is magnetized in the direction of 
its width (perpendicular to its thickness) to provide a 
magnetic axis in the direction of the width. By virtue 
of this construction, if the width of the strip is main- 
tained vertical, the detected magnetic field is essen- 

15 tially the sum of the magnetic fields of an infinite ser- 
ies of bar magnets. The relationship between the 
magnetic field and the distance from the strip is then 
governed by an inverse square law, so that doubling 
of the distance causes a four-times loss of field, rath- 

20 er than an eight-times loss as in the case of a discrete 
bar magnet. 

There are a few instances in the prior art in which 
the relationship between the magnetic field of a per- 
manent magnet and the distance from the magnet is 

25 governed by an inverse square law. For example, if 
the magnetic field is measured in the vicinity of one 
pole of a very long bar magnet at a position so far from 
the opposite pole that the contribution from the oppo- 
site pole is negligible, then an inverse square law ap- 

30 plies. However, such instances have little relevance 
to the use of permanent magnets in locating, tracing, 
and identifying buried elongated objects such as 
ducts or pipes that extend generally horizontally. Prior 
art techniques for magnetically marking such objects 

35 so that they may be located and traced have not been 
able to provide the advantages of the present inven- 
tion, including, in the first embodiment a relationship 
between the magnetic field and the distance from a 
permanent magnet identifier device that is governed 

40 by an inverse square law. 

While in some cases it may be possible to main- 
tain vertical orientation of the magnetic axis of the 
identifier device of the invention, in many cases this 
is not possible as a practical matter. For example, if 

45 a straight strip magnetized width-wise is attached to 
a duct so that it extends lengthwise along the length 
of the duct at one side thereof, it is difficult to ensure 
that the width of the strip will be vertical when the duct 
is buried. However, as will be explained hereinafter, 

50 if there is a sufficient length of the strip that remains 
essentially vertical, detection of the strip will follow 
the inverse square law, as desired. 

In accordance with an important aspect of the 
first embodiment of the invention, it is not necessary 

55 to maintain a vertical orientation of the width of the 
strip throughout its length. To the contrary, the strip 
is preferably formed into an elongated helix having a 
longitudinal pitch (axial length of each turn) that is 
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substantially greater than the cross dimensions of the 
helix, so that the width of the strip along a substantial 
portion of the length of each turn of the helix will be 
oriented essentially vertically. The helical configura- 
tion has an important additional advantage in that a 
distinctive "magnetic field signature" is produced that 
will be detected by a magnetic field detector to con- 
firm the identification of the magnetic strip. In prac- 
tice, a pitch of about twelve feet has been found quite 
satisfactory where the inverse square law effect is de- 
sired. 

Referring now to the drawings, Fig. 1 illustrates 
a portion of a magnetic strip 10 with its length L ex- 
tending horizontally and its width W extending verti- 
cally. The width dimension of the strip is much greater 
than the thickness T of the strip, and the strip is per- 
manently magnetized along its width W, so as to pro- 
vide a magnetic axis in the direction of the width and 
so as to maximize the vertical magnetic field compo- 
nent detected at a measurement point at a distance 
V from the longitudinal center line of the strip. In Fig. 
1 the measurement point is shown in the plane of 
maximum field. As is apparent, the magnetic field 
seen at the measurement point is, in effect, the sum 
of the magnetic fields of an infinitely Icing series of 
permanent magnets with their magnetic axes orient- 
ed vertically (in the direction of the width W of strip 
10). 

The strip may be a magnetic tape 1.3 cm (1/2 in.) 
wide and 1.6 mm (1/16 in.) thick, for example, and 
may be formed of a mixture of rubber or plastic and 
a fenrite such as barium ferrite, for example. Such 
strips, comprising 80% by weight or 65% by volume 
of magnetic powder (such as barium ferrite and per- 
haps some strontium) and the balance rubber, are 
used in the magnetic gaskets of refrigerator doors, 
but, in general, they are not magnetized in the direc- 
tion of the width of the strip as shown in Fig. 1 . 

As shown in Fig. 2, the strip 10 of Fig. 1 is sup- 
ported on an elongated, non-conductive object 12, 
such as a fiber optic cable, tube, pipe, or duct, for ex- 
ample. In the form illustrated, the strip is wound about 
the object 12 to form a long-pitch helix 3.7 m (12-foot) 
pitch, for example) so that the axis of the helix extends 
along the length of the object 12. The strip may be 
wound about a fiber optic cable, for example, or about 
a conduit or duct in which the cable is contained. The 
strip may be adhered to the object by tape or adhe- 
sive, for example. 

Instead of providing a separate strip that is at- 
tached to an object, a magnetic strip may be painted 
on or coated on the object, or may be extruded into 
or molded into the outer surface of the object (or the 
inner surface if the object is hollow). If the object is 
formed of plastic, a ferrite may be mixed directly into 
a plastic resin or binder before extrusion or molding 
of an object. If the ferrite is dispersed throughout the 
object, it may still be magnetized so as to form a hel- 



ical strip with a magnetic axis in the direction of its 
width. The term "strip" is therefore intended to include 
what might be termed a "stripe." Figs. 3A and 3C il- 
lustrate a structural variation including such a stripe 

5 10' that is integral with an elongated object 12'. Figs. 
3B and 3D illustrate a further variation including a pair 
of such stripes, 10", 10'" integral with an elongated 
object 12". In this variation the orientation of the mag- 
netic axis N-S "rotates" in successive transverse 

10 planes along the length of the object, simulating a dia- 
metral strip that is twisted about its longitudinal axis. 
This variation is also illustrative of the fact that the 
identifier device may include more than one strip or 
stripe. In all variations of the first embodiment the 

15 magnetic axis of the identifier device is transverse to 
the length of the object. 

To detect a buried object associated with a mag- 
netic identifier device in accordance with the inven- 
tion, a magnetic field measuring device or gradiom- 

20 eter 14 may be employed as shown in Fig. 2. All such 
devices are embraced within the term "magnetic field 
detector" as used herein. The model GA-52B magnet- 
ic locator of the assignee of the invention, having a 
detection threshold of about 10 gammas, has been 

25 employed quite successfully for this purpose. Maxi- 
mum detection distance is about 1.8 m (6 feet) for the 
strip of Fig. 2 (3.7 m (12-foot) pitch). The maximum 
detection distance varies with the pitch of the helix, so 
that a pitch of 6. 1 or 9. 1 m (20 or 30 feet)(or more) may 

30 be used to permit detection at greater distances when 
appropriate. 

A unique magnetic field signature produced in ac- 
cordance with the first embodiment of the invention 
is shown in Fig. 4 and comprises a series of positive 

35 and negative excursions (peaks and valleys). The 
magnetic field signature shown is a response curve 
of a vertical gradiometer, in which the ordinate repre- 
sents the gradient field in gammas and the abscissa 
represents the distance in feet as the gradiometer is 

40 moved over the ground along the length of a plastic 
pipe buried thirty inches and provided with a perma- 
nent magnet identifier device as shown in Fig. 2. This 
signature is produced by the helical winding of the 
strip (which causes the orientation of the magnetic 

45 field to vary), and is quite useful in confirming the 
identification of the buried object and in distinguish- 
ing the object from other objects, such as ferrous gas 
and water pipes, that produce random positive and 
negative excursions. Initial detection of an identifier 

50 device in accordance with the invention may be ac- 
complished by a "sweep" of the area where the iden- 
tifier device ought to be located, using the magnetic 
detector 14 in a conventional manner. When a re- 
sponse is noted at different points indicating the gen- 

55 eral direction of an identifier device, confirmation of 
the identification is achieved by moving the magnetic 
detector along the length of the identifier device and 
noting the magnetic field signature. 
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By virtue of the invention, non-conductive buried 
objects, such as fiber optic cables, are located, 
traced, and identified at substantial distances, easily 
and reliably. The invention is economical to imple- 
ment and is therefore practical. Since the magnetic 
strip employed in the invention is non-conductive, 
lightning is no longer a problem. The strip is inert and 
stable and should last indefinitely in the ground. If the 
strip is cut, as by earth digging equipment, detectabil- 
ity of the strip is essentially unaffected, and the object 
associated with the strip can stili be located, tf the 
strip is integrated into or attached to the object during 
manufacture of the object, incorrect installation is no 
longer a problem. Also, use of the magnetic strip of 
the invention does not preclude the use of other locat- 
ing means as well. The strip will not interfere with 
electronic markers, for example, or with a convention- 
al wire or conductive tape placed above a cable in a 
trench. 

Figs. 5-9 illustrate other structural variations of 
the first embodiment of the invention. In Fig. 5 an 
elongated hollow object 12 is provided with a plurality 
of straight magnetic strips 1 6 with their length parallel 
to the length of the object. The strips are spaced cir- 
cumferentially of the object and may be provided on 
the outer surface or the inner surface of the object or 
within the material of the object. Each strip is magne- 
tized to provide a magnetic axis in the direction of its 
width (transverse to the length of the object) at 
spaced locations along the length of the object. The 
pattern of magnetization is progressive, so that the 
orientation of the magnetic axis of the elongated mag- 
netic identifier device constituted by the strips "ro- 
tates" from position to position along the length of the 
object. In the structure shown in Fig. 6 the strips, 
which in Fig. 5 extend along the entire length of the 
object, have been shortened to provide individual 
magnetized segments 17. 

In Fig. 7 tubes 18 of magnetic material are pro- 
vided at spaced locations along the length of the ob- 
ject The tubes, which together constitute an elongat- 
ed magnetic identifier device, are magnetized trans- 
versely of the length of the object, and the orientation 
of the magnetic axis shifts from tube to tube succes- 
sively along the length of the object so as to "rotate." 

In Fig. 8 the tubes of Fig. 7 are replaced by short- 
pitch helical strips 20 magnetized like the tubes of 
Fig. 7. Together, the strips constitute an elongated 
magnetic identifier device. If the turns of the strips 
are close enough, essentially continuous tubes of the 
type shown in Fig. 7 are defined. 

In Fig. 9 a helical strip 22 similar to that of Fig. 3A 
is employed, but the helical strip has a short retrace 
24 at successive positions along the length of the ob- 
ject (only one retrace being illustrated). 

In the first embodiment of the invention a mag- 
netic field signature comprising successive peaks 
and valleys of the vertical magnetic field component 



(or the horizontal field component) is obtained by vir- 
tue of the fact that the orientation of the magnetic axis 
of the identifier device, which is transverse to the 
length of the object, varies along the length of the ob- 
5 ject 

While preferred embodiments of the invention 
have been shown and described, it will be apparent 
to those skilled in the art that changes can be made 
in these embodiments without departing from the 

10 scope as defined in the appended claims. For exam- 
ple, although a standard vertical gradiometer may be 
employed as a magnetic field detector in accordance 
with the invention, a specialized magnetic field detec- 
tor may also be employed. Such a detector may be de- 

15 signed to discriminate against signals other than the 
signal from the magnetic strip. Thus, AC signals may 
be filtered out. The magnetic field detector may have 
a readout display in which peaks and valleys of the 
magnetic field signature produce opposite polarity in- 

20 dications, such as left and right excursions of the nee- 
dle of a meter from a center neutral position. The de- 
tector may be designed to respond to horizontal com- 
ponents of the magnetic field as well as to vertical 
components. If vector addition is performed on the 

25 vertical and horizontal signal components, then a 
vector sum may be displayed on a 360° compass-ty- 
pe display which rotates as the operator walks along 
the cable. The detection scheme may give a cable or 
conduit manufacturer, for example, the option of cod- 

30 ing his product with a right hand or left hand helix. The 
scalar sum of the vertical and horizontal signal com- 
ponents may be indicated by an audio output which 
exhibits a maximum directly over a buried cable re- 
gardless of whether the operator is over a location on 

35 the cable where the magnetization is vertical or hori- 
zontal. It is evident that visual or audible displays, or 
a combination of both, may be used in accordance 
with the invention. Finally, the invention is not limited 
to use with elongated objects that are buried under 

40 the ground; it may be employed to detect elongated 
objects that are otherwise hidden, such as sub-sea 
objects. 



45 Claims 

1. A method of detecting the location of a hidden 
elongated cylindrical or tubular object (12), in 
which said object is provided with an elongated 

so permanent magnet device (10) having its length 

extending along the length of said object, said de- 
vice is formed of magnetic material dispersed in 
said object and the location of said object is de- 
tected with a magnetic field detector (14), char- 

55 acterized in that the magnetic material is magne- 

tized transversely of said object to provide a mag- 
netic axis transverse to the length of said object 
and to provide a magnetic field that varies in a 
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predetermined manner along the length of said 
object, and that the location of said object is de- 
tected by detecting the variations of said magnet- 
ic field with said detector. 

2. A method in accordance with Clai m 1 , character- 
ized in that said magnetic axis varies in orienta- 
tion at different positions along the length of said 
object. 

3. A method in accordance with Clai m 1 , character- 
ized in that said magnetic field varies repetitively 
along the length of said object, and said detector 
detects the repetitive variations of said magnetic 
field. 

4. A method in accordance with Claim 3, wherein 
said object is buried approximately horizontally 
beneath the surface of the earth and character- 
ized in that detector is moved over the surface of 
the earth along a line approximately parallel to 
the length of said object in order to trace the lo- 
cation of said object. '■ 

5. A method in accordance with Claim 4, character- 
ized in that the repetitive variations of said mag- 
netic field produce a series of magnetic field 
peaks and valleys along said line that are detect- 
ed by said detector. 

6. A method in accordance with Claim 5, character- 
ized in that said detector is of a type having op-' 
posite polarity indications corresponding to said 
peaks and valleys, respectively. 

7. A method in accordance with Claim 1 , character- 
ized in that both horizontal and vertical compo- 
nents of said magnetic field vary repetitively 
along the length of said object 

8. A method in accordance with Claim 7, character- 
ized in that said detector detects both said hori- 
zontal and vertical components. 

9. A method in accordance with Claim 8, character- 
ized in that said detector determines a vector sum 
of said horizontal and vertical components. 

10. A method in accordance with Claim 8, character- 
ized in that said detector determines a scalar sum 
of said horizontal and vertical components. 

11. A method in accordance with Claim 1, character- 
ized in that said detector is a hand-held gradiom- 
eter. 

12. A method in accordance with Claim 1, character- 
ized in that said device is formed as a helix having 



a longitudinal axis extending along the length of 
said object. 

13. A method in accordance with Claim 12, charac- 
5 terized in that the longitudinal pitch of said helix 

is substantially greater than the cross dimensions 
of said helix. 

14. A method in accordance with Claim 13, charac- 
10 terized in that said pitch is of the order of 3.66 m 

(12 feet). 

15. A method in accordance with Claim 1, character- 
ized in that said device is formed so that it has a 

15 width dimension substantially greater than a 
thickness dimension and is magnetized in the di- 
rection of its width. 

16. A method in accordance with Claim 1, character- 
20 ized in that said magnetic material is substantially 

non-conductive. 

17. A method in accordance with Claim 1, character- 
ized in that said object is formed of plastic. 

25 

18. A method in accordance with Claim 1, character- 
ized in that said object is formed as a tube with 
the magnetic material dispersed in a wall of the 
tube. 

30 

19. A method in accordance with Claim 1, character- 
ized in that the orientation of said magnetic axis 
is substantially vertical at regions spaced along 
the length of said object and a vertical compo- 

35 nent of said magnetic field at said regions dimin- 
ishes at a rate that is substantially less than the 
cube of the distance from said object in a vertical 
direction. 

40 20. A method in accordance with Claim 19, charac- 
terized in that said rate is substantially the square 
of said distance. 

21. An elongated magnetic device (10) for magneti- 
45 caily detecting the location of a hidden elongated 

cylindrical or tubular object (12), said device com- 
prising magnetic material dispersed in said ob- 
ject, characterized in that the magnetic material 
is magnetized transverse to the length of the ob- 
50 ject so as to have a magnetic axis transverse to 
its length and so as to provide a magnetic field 
that varies repetitively along the length of the ob- 
ject in a predetermined manner, thereby to pro- 
vide a characteristic magnetic field signature ca- 
55 pable of detection by a magnetic field detector 

(14) moved along the length of the object, where- 
by the location of said object may be detected. 
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22. An elongated magnetic device in accordance 
with Claim 21, characterized in that the orienta- 
tion of said magnetic axis varies repetitively 
along the length of the object. 

5 

23. An elongated magnetic device in accordance 
with Claim 21, characterized in that the magne- 
tized magnetic material forms a strip in the shape 
of an elongated helix. 

10 

24. An elongated magnetic device in accordance 
with Claim 23, characterized in that said strip is 
substantially non-conductive. 

25. An elongated magnetic device in accordance is 
with Claim 23, characterized in that said helix has 

a longitudinal pitch that is substantially greater 
than the cross-dimensions of said helix. 

26. An elongated magnetic device in accordance 20 
with Claim 25, characterized in that said pitch is 

of the order of 3.66 m (12 feet). 

27. An elongated magnetic device in accordance 
with Claim 23, characterized in that the width of 25 
said strip is less than the width of said object. 

28. An elongated magnetic device in accordance 
with Claim 23, characterized in that the width of 
said strip corresponds to the width of said object. 30 

29. An elongated magnetic device in accordance' 
with Claim 21, characterized in that said device 
comprises a plurality of spaced strips (16 or 17) 

of magnetic material with their length extending 35 
along the length of said object and being magne- 
tized transverse to their length. 

30. An elongated magnetic device in accordance 
with Claim 21, characterized in that said device 40 
comprises a plurality of spaced tubes (18 or 20) 

of magnetic material coaxial with the object and 
magnetized transverse to their length. 

31. An elongated magnetic device in accordance 45 
with Claim 21 , characterized in that said device 
comprises a plurality of strips (16 or 17) of mag- 
netic material with their length extending along 

the length of said object at circumferentially 
spaced positions on said object and magnetized so 
transverse to their length. 

32. An elongated magnetic device in accordance 
with Claim 31 , characterized in that said positions 

are also spaced longitudinally on said object. 55 

33. An elongated magnetic device in accordance 
with Claim 21, characterized in that said device 



comprises a plurality of tubes (18 or 20) of mag- 
netic materia! spaced along the length of said ob- 
ject and having collinear axes parallel to the 
length of said object, each tube having a magnet- 
ic axis transverse to the length of said object, and 
the magnetic axes of successive tubes having 
different orientations. 

34. An elongated magnetic device in accordance 
with Claim 33, characterized in that each tube is 
defined by a helical strip (20). 



Patentanspruche 

1. Verfahren zum Ermitteln der Lage eines verbor- 
genen langlichen zylindrischen oder rohrenformn 
gen Gegenstandes (12), wobei der Gegenstand 
mit einer langlichen, Peimanentmagnetyorrich- 
tung (10) versehen ist, deren Lange sich uberdie 
Lange des Gegenstandes erstreckt, wobei die 
Vorrichtung aus magnetischem Material besteht, 
das in dem Gegenstand verteilt ist, und die Lage 
des Gegenstandes mit einem Magnetfelddetek- 
tor (14) ermittelt wird, dadurch gekennzeichnet, 
da& das magnetische Material quer zu dem Ge- 
genstand magnetisiert ist, so daft eine Magnet- 
achse quer zur Lange des Gegenstandes ge- 
schaffen wird und ein Magnetfeld geschaffen 
wird, das uber die Lange des Gegenstandes auf 
vorgegebene Weise schwankt, und daft die Lage 
des Gegenstandes ermittelt wird, indem die 
Schwankungen des Magnetfeldes mit dem De- 
tektor erfa&t werden. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, da& die Magnetachse an verschiede- 
nen Positionen uber die Lange des Gegenstan- 
des verschieden ausgerichtet ist. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dad das Magnetfeld uber die Lange 
des Gegenstandes sich wiederholend schwankt, 
und dall der Detektor die sich wiederholenden 
Schwankungen des Magnetfeldes erfa&t 

4. Verfahren nach Anspruch 3, wobei der Gegen- 
stand annahernd horizontal unterhalb der Erd- 
oberflache eingegraben ist, und dadurch ge- 
kennzeichnet, da& der Detektor uber die Erd- 
oberflache in einer Linie annahernd parallel zur 
Lange des Gegenstandes bewegt wird, urn die 
Lage des Gegenstandes aufzuf inden. 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daS die sich wiederholenden Schwan- 
kungen des Magnetfeldes eine Reihe von Ma- 
gnetfeldspitzen und -talern entlang der Linie er- 
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18. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet dad der Gegenstand als eine Rohre 
ausgeformt ist, wobei das magnetische Material 
in einer Wand der Rohre verteilt ist. 

5 

19. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet dad die Ausrichtung der Magnetachse 
in Bereichen, die uber die Lange des Gegenstan- 
des beabstandet sind, im wesentlichen vertikal 

10 ist, und eine vert i kale Komponente des Magnet- 

feldes in den Bereichen in einem Grad abnimmt, 
der im wesentlichen geringer ist als die dritte Po- 
tenz des Abstandes zu dem Gegenstand in einer 
vertikal en Richtung. 

15 

20. Verfahren nach Anspruch 19, dadurch gekenn- 
zeichnet dad der Grad im wesentlichen die 
zweite Potenz des Abstandes ist. 



zeugen, die von dem Detektor erfaBt werden. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, dad der Detektor von der Art ist, die 
entgegengesetzte Polaritatsanzeigen aufweist, 
die den Spitzen bzw. Talern entsprechen. 

7. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB sowohl horizontal e als auch verti- 
kale Komponenten des Magnetfeldes uber die 
Lange des Gegenstandes sich wiederholend 
schwa nken. 

8. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB der Detektor sowohl die horizonta- 
len als auch die vertikal en Komponenten erfaBt. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB der Detektor eine Vektorsumme 
der horizontal en und vertikal en Komponenten 
bestimmt. 

10. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB der Detektor eine Skalarsumme 
der horizontalen und vertikalen Komponenten 
bestimmt. 

11. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dad der Detektor ein Handgradiometer 
ist. 

12. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Vorrichtung als Wendel mit ei- 
ner Langsachse ausgeformt ist, die sich uber die 
Lange des Gegenstandes erstreckt. 

13. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB die Langssteigung der Wendel er- 
heblich groBer ist als die Querabmessungen der 
Wendel. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB die Steigung in der GroBenord- 
nung von 3,66 m (12 FuB) liegt. 

15. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Vorrichtung so geformt ist, dad 
ihre Breitenabmessung erheblich groBer ist als 
ihre Dickenabmessung und sie in der Richtung 
ihrer Breite magnetisiert ist. 

16. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das magnetische Material im we- 
sentlichen nichtle'rtend isL 

17. Verfahren nach Anpruch 1, dadurch gekenn- 
zeichnet, daB der Gegenstand aus Kunststoff 
besteht. 



20 21. Langliche Mag net vorrichtung (10) zum magneti- 
schen Ermitteln der Lage eines verborgenen 
langlichen, zylindrischen oder rohre nfdrmigen 
Gegenstandes (12), wobei die Vorrichtung ma- 
gnetisches Material umfaBt, das in dem Gegen- 

25 stand verteilt ist, dadurch gekennzeichnet, daB 

das magnetische Material quer zur Lange des 
Gegenstandes magnetisiert ist, so daB es eine 
Magnetachse quer zu seiner Lange aufweist und 
so daB es ein Magnetfetd erzeugt, das uber die 

30 Lange des Gegenstandes auf vorgegebene Weise 

sich wiederholend schwankt, wodurch eine charak- 
teristische Magnetfeldzeichnung entsteht, die von 
einem Magnetfeldetektor(14) erfaBt werden kann, 
der uber die Lange des Gegenstandes bewegt 

35 wird, wodurch die Lage des Gegenstandes ermit- 
telt werden kann. 

22. Langliche Magnetvorrichtung nach Anspruch 21, 
dadurch gekennzeichnet, daB die Ausrichtung 

40 der Magnetachse uber die Lange des Gegen- 

standes sich wiederholend schwankt. 

23. Langliche Magnetvorrichtung nach Anspruch 21, 
dadurch gekennzeichnet daB das magnetisier- 

45 te magnetische Material einen Streifen in Form 
einer langlichen Wendel bildet 

24. Langliche Magnetvorrichtung nach Anspruch 23, 
dadurch gekennzeichnet, daB der Streifen im 

so wesentlichen nichtleitend ist 

25. Langliche Magnetvorrichtung nach Anspruch 23, 
dadurch gekennzeichnet daB die Wendel eine 
Langssteigung aufweist, die erheblich groBer ist 

55 als die Querabmessungen der Wendel. 

26. Langliche Magnetvorrichtung nach Anspruch 25, 
dadurch gekennzeichnet daB die Steigung in 



8 



15 



EP 0 419 637 B1 



16 



der Gro&enordnung von 3,66 m (12 Fu&) liegt 

27. Langliche Magnetvorrichtung nach Anspruch 23, 
dadurch gekennzeichnet, dad die Breite des 
Streifens kleiner ist als die Breite des Gegenstan- 
des. 

28. Langliche Magnetvorrichtung nach Anspruch 23, 
dadurch gekennzeichnet, daft die Breite des 
Streifens der Breite des Gegenstandes ent- 
spricht 

29. Langliche Magnetvorrichtung nach Anspurch 21, 
dadurch gekennzeichnet, daft die Vorrichtung 
eine Vielzahl beabstandeter Streifen (16 Oder 1 7) 
aus magnetischem Material umfadt, wobei sich 
ihre Lange uber die Lange des Gegenstandes er- 
streckt und sie quer zu ihrer Lange magnetisiert 
sind. 

30. Langliche Magnetvorrichtung nach Anspruch 21 , 
dadurch gekennzeichnet, daft die Vorrichtung 
eine Vielzahl beabstandeter Rohren (18 oder 20) 
aus magnetischem Material umfafit, die koaxial 
zu dem Gegenstand sind und querzu ihrer Lange 
magnetisiert sind. 

31. Langliche Magnetvorrichtung nach Anspruch 21 , 
dadurch gekennzeichnet, dad die Vorrichtung 
eine Vielzahl von Streifen (16 oder 17) aus ma- 
gnetischem Material umfa&t, wobei sich ihre Lan- 
ge uber die Lange des Gegenstandes an in Um- 
fangsrichtung beabstandeten Positionen an dem 
Gegenstand erstreckt und sie querzu ihrer Lange 
magnetisiert sind. 

32. Langliche Magnetvorrichtung nach Anspruch 31 , 
dadurch gekennzeichnet, da& die Positionen 
auch in Langsrichtung auf dem Gegenstand be- 
abstandet sind. 

33. Langliche Magnetvorrichtung nach Anspruch 21 , 
dadurch gekennzeichnet, dad die Vorrichtung 
eine Vielzahl von Rohren (1 8 oder 20) aus ma- 
gnetischem Material umfa&t, die uber die Lange 
des Gegenstandes beabstandetsind, und die kol- 
lineare Achsen parallel zur Lange des Gegen- 
standes haben, wobei jede Rohre eine Magnet- 
achse quer zur Lange des Gegenstandes auf- 
weist, und die Magnetachsen aufeinanderfolgen- 
der Rohren unterschiedliche Ausrichtungen ha- 
ben. 

34. Langliche Magnetvorrichtung nach Anspruch 33, 
dadurch gekennzeichnet, daft jede Rohre durch 
einen wendelfdrmigen Streifen (20) gebildet 
wird. 



Revendications 

1. Precede de detection de la position d'un objet 
(12) cylindrique ou tubulaire, allonge, cache, 

5 dans lequel ledit objet est pourvu d'un dispositif 

a magnetisme permanent (10) allonge, dont la 
longueur s'etend dans la direction longitudinale 
dudit objet, ledit dispositif etant constitue de ma- 
teriau magnetique, disperse dans ledit objet et 

10 ('emplacement dudit objet etant detecte a I'aide 

d'un detecteur de champ magnetique (14), carac- 
terise en ce que le materiau magnetique est l'ob- 
jet d'une magnetisation orientee dans la direction 
transversale dudit objet, pour constituer un axe 

is magnetique transversal par rapport a la direction 
longitudinale dudit objet et pour constituer un 
champ magnetique variant de maniere predeter- 
mine dans la longueur dudit objet, et en ce que 
I'emplacement dudit objet est detecte par la de- 

20 tection des variations dudit champ magnetique, 

apprehendee a I'aide dudit detecteur. 

2. Procede selon la revendication 1 , caracterise en 
ce que ('orientation dudit axe magnetique varie 

25 en differentes positions de la longueur dudit ob- 

jet. 

3. Procede selon la revendication 1 , caracterise en 
ce que ledit champ magnetique varie de facon re- 

30 petitrve sur la longueur dudit objet, et ledit detec- 

teur detecte les variations repetitives dudit 
champ magnetique: 

4. Procede selon la revendication 3, dans lequel le- 
35 drt objet est cache a peu pres horizontal erne nt 

sous la surface du sol et caracterise en ce que le 
detecteur est deplace sur la surface du sol, sur 
une ligne a peu pres parallele a la direction lon- 
gitudinale dudit objet, de maniere a obtenir la tra- 
40 ce de I'emplacement dudit objet. 

5. Procede selon la revendication 4, caracterise en 
ce que les variations repetitives dudit champ ma- 
gnetique produisent une serie de cretes et de val- 

45 lees du champ magnetique, sur ladite ligne, ces 
cretes et vallees etant detectees par ledit detec- 
teur. 

6. Procede selon la revendication 5, caracterise en 
so ce que ledit detecteur est du type donnant des in- 
dications de polarites inverses correspondant 
respectivement auxdites crStes et vallees. 

7. Procede selon la revendication 1 , caracterise en 
55 ce que les composantes horizontales ainsi que 

les composantes verticales dudit champ magne- 
tique varie nt de facon repetitive sur la longueur 
dudit objet. 
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8. Precede selon la revendication 7, caracterise en 
ce que ledit detecteur detecte a la fois lesdites 

. composantes horizontales et verticales. 

9. Precede selon la revendication 8, caracterise en 
ce que ledit detecteur effectue la somme vecto- 
rielle desdites composantes horizontales et ver- 
ticales. 

10. Precede selon la revendication 8, caracterise en 
ce que ledit detecteur effectue la somme scalaire 
desdites composantes horizontales et verticales. 

11. Precede selon la revendication 1, caracterise en 
ce que ledit detecteur est un gradiometre portatif. 

12. Precede selon la revendication 1, caracterise en 
ce que ledit dispositif est realise en forme d'heli- 
ce, avec un axe longitudinal s'etendant dans la di- 
rection longitudinale dudit objet. 

1 3. Precede selon la revendication 1 2, caracterise en 
ce que le pas longitudinal de ladite helice est sen- 
siblement superieur aux dimensions transversa- 
les de ladite helice. 

1 4. Precede selon la revendication 1 3, caracterise en 
ce que ledit pas est de I'ordre de 3,66 m (12 
pieds). 

15. Precede selon la revendication 1, caracterise en 
ce que ledit dispositif est realise de facon a ce 
que sa largeur soit sensiblement superieure a 
son epaisseur et est magnetise dans la direction 
de sa largeur. 

16. Precede selon la revendication 1, caracterise en 
ce que ledit materiau magnetique est pratique- 
ment non-conducteur. 

17. Precede selon la revendication 1, caracterise en 
ce que ledit objet est en matiere plastique. 

18. Precede selon la revendication 1, caracterise en 
ce que ledit objet est realise sous forme de tube, 
le materiau magnetique etant disperse dans la 
parei du tube. 

19. Precede selon la revendication 1, caracterise en 
ce que I'orientation dudit axe magnetique est 
sensiblement verticale en des zones espacees 
sur la longueur dudit objet, et la composante ver- 
ticale dudit champ magnetique, en lesdites zo- 
nes, va en diminuant avec une tendance sensi- 
blement inferieure a la puissance cubique de la 
distance par rapport audit objet en direction ver- 
ticale. 



20. Precede selon la revendication 19, caracterise en 
ce que ladite tendance evolue sensiblement 
comme la puissance carree de ladite distance. 

5 21. Dispositif magnetique (10) allonge, pourla detec- 
tion magnetique de I'emplacement d*un objet cy- 
lindrique ou tubulaire (12) allonge, cache, ledit 
dispositif comprenant un materiau magnetique 
disperse dans ledit objet, caracterise en ce que le 

10 materiau magnetique estl'objetd'une magnetisa- 

tion orientee transversalement par rapport a la di- 
rection longitudinale de I'objet, de facon a avoir 
un axe magnetique transversal par rapport a sa 
direction longitudinale et a produire un champ 

15 magnetique variant de maniere repetitive dans la 

longueur dudit objet, d'une maniere predetermi- 
ned, de maniere a produire une signature de 
champ magnetique caracteristique, susceptible 
d'etre detectee par un detecteur de champ ma- 

20 gnetique (14) deplace sur la longueur de I'objet, 
faisant que Tern placement dudit objet peut St re 
detecte. 

22. Dispositif magnetique allonge selon la revendica- 
25 tion 21, caracterise en ce que Torientation dudit 

axe magnetique varie de facon repetitive sur la 
longueur dudit objet 

23. Dispositif magnetique allonge selon la revendica- 
30 tion 21, caracterise en ce que le materiau magne- 
tique magnetise forme une bande ayant la forme 
d'une helice atlongee. 

24. Dispositif magnetique allonge selon la revendica- 
35 tion 23, caracterise en ce que ladite bande est 

pratiquement non conductrice. 

25. Dispositif magnetique allonge selon la revendica- 
tion 23, caracterise en ce que le pas longitudinal 

40 de ladite helice est sensiblement superieur aux 
dimensions transversaies de ladite helice. 

26. Dispositif magnetique allonge selon la revendica- 
tion 25, caracterise en ce que ledit pas est de I'or- 

45 dre de 3,66 m (12 pieds). 

27. Dispositif magnetique allonge selon la revendica- 
tion 23, caracterise en ce que la largeur de ladite 
bande est inferieure a la largeur dudit objet. 

50 

28. Dispositif magnetique allonge selon la revendica- 
tion 23, caracterise en ce que la largeur de ladite 
bande correspond a la largeur dudit objet 

55 29. Dispositif magnetique allonge selon la revendica- 
tion 21, caracterise en ce que ledit dispositif 
comprend une pluralite de bandes espacees (16 
ou 17), en materiau magnetique, leur longueur 
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etant orientee dans la direction longitudinale du- 
dit objet et teur magnetisation etant orien tee dans 
la direction transversal e par rapport a leur lon- 
gueur. 

5 

30. Dispositif magnetique allonge selon la revendica- 
tion 21, caracterise en ce que ledit dispositif 
comprend une plurality de tubes (18 ou 20) espa- 
ces, real is ee en un materiau magnetique, places 
coaxiaiement par rapport a I'objet et magnetises 10 
en direction transversale par rapport a leur direc- 
tion longitudinale. 

31. Dispositif magnetique allonge selon la revendica- 

tion 21, caracterise en ce que ledit dispositif 15 
comprend une pluralite de bandes (16 ou 17) en 
materiau magnetique, leur longueur etant orien- 
tee dans la direction longitudinale dudit objet en 
des emplacements espaces circonferentielle- 
ment sur ledit objet et leur magnetisation etant 20 
orientee dans la direction transversale par rap- 
port a leur longueur. 

32. Dispositif magnetique allonge selon la revendica- 

tion 31, caracterise en ce que lesdits emplace- 25 
ments sont egalement espaces longitudinale- 
ment sur ledit objet 

33. Dispositif magnetique allonge selon la revendica- 

tion 21, caracterise en ce que ledit dispositif 30 
comprend une pluralite de tubes (18 ou 20) en 
materiau magnetique, espaces dans la direction 
longitudinale dudit objet et ayant des axes coli- 
n6aires, paralleles a la direction longitudinale du- 
dit objet chaque tube ayant un axe magnetique 35 
transversal par rapport a la direction longitudina- 
le dudit objet, et les axes magnetiques des tubes 
successifs ayant des orientations differentes. 

34. Dispositif magnetique allonge selon la revendica- 40 
tion 33, caracterise en ce que chaque tube est 
defini par une bande helicoTdale (20). 
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